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INTRODUCTION 
Since an important function of sodium is the regulation of osmotic 
equilibria, knowledge of the concentration of serum sodium provides 
much information concerning the distribution of water between intra-
cellular and extracellular fluids. If the concentration of sodium is 
known, an idea of the osmotic state of interstitial fluid may be 
obtained. The role of potassium as a principal base in body tissue and 
cells appears to be the physiological equivalent of extracellular 
sodium in osmotic pressure regulation and in acid-base balance. 
One of the purposes of this research is to obtain normal values 
of sodium and potassium in human serum, using the flame photometer as 
a mea~of analysis. Most previous studies involved older chemical 
methods, which were particularly untrustworthy in the case of potassium. 
In addition many other investigators utilized hospital patients free of 
obvious disease in their study of normal values. In this work the 
normal levels of healthy young male adults are described. 
A great deal of attention has been directed t award the distrib¥-
tion of these monovalent cations in body fluids. Blood serum and 
interstitial fluids seem to have almost identical patterns. The main 
difference is the relatively small quantity of non-diffusible protein 
component in the latter. Total cation-anion equivalence must be 
preserved, and so there is an adjustment of the concentrations of the 
diffusible ions (Gibbs-Donnan equilibrium). There is a balanced 
reduction of cations and an increase in diffusible anions. This same 
vi 
relationship is true of plasma and other body fluids, such as transu-
dates, exudates, and secretions. 
Sodium and potassium occur in part as proteinate. The fraction 
of sodium which occurs in this form is thought to be almost completely 
ionized (44). Some potassium has been reported as bound; that is, it 
is in combination with protein which is not freely ionized. Since 
only the ionized fraction of the proteinate is presumably physiologi~ally 
active, it is of some importance to secure information relative to the 
fraction of serum potassium or sodium which is bound to protein. 
It. is also the purpose of this work to throw further light on the 
distribution of sodium and potassium between serum and the ultrafiltre.te 
thereof. Thereby the proportion of these elements in serum which might 
be present in a non-diffusible state may be noted. The Lavietes method 
of anaerobic ultrafiltration ( 3:2) was used in the execution of this WDrk. 
. . ' 
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HISTORICAL REVIEW 
I. Values of Sodium and Potassium in Human Serum 
Increasing interest has been manifested in the analysis of human 
serum for sodium and potassium. A summary of normal values is presented 
in Table I. These values were reported as the results of experimental 
work or as cited in standard textbooks. It should be noted that there 
is considerable variation in the range and arithmetic mean of these 
elements using the different chemical methods. 
Sodium is commonly determined by precipitation in the form of 
uranyl zinc sodium acetate, which, while soluble in water, is 
relatively insoluble in alcohol. Prior to the isolation of this triple 
salt of sodium, the protein is usually precipitated or the sample is 
ashed. Another reagent which is used is pyroantimonate. These salts 
may then be determined by one of the following methods; colorimetric,. 
gravimetric, or volumetric. Sodium determinations may also be perf?rmed 
using a flame photometer or spectrographic analysis. 
Sunderman ( 47) precipitated the protein by a wet ash method, and 
used a gravimetric method of determining the uranyl zinc sodium acetate 
precipitate. A -modification of this method was employed by Leva and 
Guest \33) and Consolazio and Talbott (11). They performed a prelim-
inary precipitation of phosphate with calcium hydroxide. Hald ( 24) 
used a dry ash method. 
A colorimetric determination was made by Albanese and Lein (1), 
measuring the sodium in terms of the yellow color of uranyl zinc sodium 
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acetate. The microquantities of sodium in 0.2 ml of serum remained 
stable for several hours. 
Kramer and Tisdall (31) used pyroantimonate as a reagent to 
precipitate sodium in an alcoholic solution. The precipitate was then 
dried and weighed. A volumetric method of determining the pyroantimonate
1
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salt of sodium was used by Rourke ( 42) who dissolved the precipitate 
and titrated the solution with sodium thiosulfate after adding potassium 
iodide. This investigator found ashing unnecessary if alcohol was added 
to the serum at a temperature of 10° C. 
Potassium determinations a.re usually based upon precipitation as 
the insoluble chloroplatinate or cobaltinitrite, followed by methods 
analogously used for sodium. The flame photometer and spectrographic 
methods are also used for potassium. 
Albanese and Wagner (2) utilized a colorimetric method, measuring 
the color produced by the basic carbonate of cobalt which is obtained 
by transforming the insoluble potassium co~altinitrite into chlorides 
of the complex cations and treatment of the mixture with bicarbonate. 
A procedure which utilizes reagents commonly employed in volumetric 
technique was used by Meyers and Short ( 37). An excess of potassium 
permanganate was added ~o potassium cobaltinitrite in acid solution. 
A definite weight of oxalic acid in slight excess was introduced, and 
the excess then back-titrated with potassium permanganate. Kramer and 
Tisdall (30) also used potassium permanganate to titrate against the 
cobaltinitrite. 
Leva and Guest (33) precipitated potassium chloroplatinate in the 
2 
ash of physiological material and by reacting this precipitate with 
potassium iodide, obtaining potassium iodoplat inate. These workers 
performed the measurement of potassium colorimetrically, and also 
volumetrically (titrating with sodium thiosulfate). A modification of 
the volumetric method was used by Consolazio and Talbott (12). The 
number of transfers of the solution were minimized by performing the 
determination in a single quartz tube. Hald (24) found it necessary to 
convert the iron phosphate rvhich occurred in dry ashing to chloride and 
evaporate to drying in a steam bath. The iron phosphate precipitate 
occluded potassium. 
The flame photometer as a means of determining sodium and potassium I 
was utilized by several workers (25, 3 6, 39, 45). Smith and co-workers 
( 45) used a Beckman instrument while the other investigators cited in 
Table I used an early model manufactured connnercially by the Perkin and 
Elmer Corporation, Model 18. Only Overman and Davis (39) performed a 
preliminary precipitation of the protein in serum. They also found 
it necessary to use standards which approximated the proportion of 
sodium and potassium in the sample in order to counteract interferences. 
Smith and co-workers ( 45) also used the spectrographic method to 
analyze these elements. A rotating disk electrode was used, one section 
of which was partially immersed in the prepared solution of biologic 
fluid. As the disk rotated the sample was picked up in the surface of 
the electrode and brought under influence of high voltage spark 
excitation. 
3 
Investigator 
~ Albanese, Lein 
3 Albanese, Wagner 
7 Atchley, Loeb, et al. 
9 Best, Taylor Cecil ~ Consolazio, Talbott 
Consolazio, Talbott 
19 Gradwohl 25 Hald 
25 Hald 26 Harrow 29 Kolmer 30 Kramer, Tisdall 
3l Kramer, Tisdall 
33 Leva, Guest 
35 Mallory 
36 Marinis, et al. 
37 Meyers, Short 
l~ Overman, Davis 
Rourke 
t~ Salvesen, ·· Linder 
45 Smith, et a1. Smith, et al. 
4 7 Swiderman 
48 Todd, Sanford 
TABLE I 
Values of Sodium and Potassium in Human Serum 
Sodium 
(mEq./1) 
Range Mean 
133.0-141.0 
137.7-146.5 
139.0-149.0 
135.0-143.0 
128,6-145.4 
130.2-145.5 
137.0-148.0 
1JA..5 ;~C)- 1.50.0 
1/i) .4.!-15~1.1 
Uo.o ... 142.1 
136.0-145.0 
135.5-153.2 
140.0-159.0 
143.9-150.8 
139.0-150.0 
130.0-159.0 
136.0-158.0 
13.3.6-137.3 
137.0-147.0 
141.8 
14e.o 
140.2 
143.5 
136.0 
137.2 
143.5 
JA~ .l' 
145.7 
1.40.1· 
144.0 
147.8 
147.2 
145.0 
145.0 
142.0 
Potassium 
(mEq./1) 
Range Mean 
3.7 -5.6 
3.1 -5.2 
4.1 -5.6 
3.88-5.59 
3.95-7.11 
4.1 -5.6 
3.8 -4.8 
4.2 - 4.9 
4.1 -5.6 
4.6 -5.4 
4.8 -5.1 
4.3 -5.0 
3.5 -5.0 
3.6 -6.2 
3.6 -4.6 
3.6 -7.2 
4.9 -5.6 
3.40-4 .• 92 
3.61-4.85 
3.8 -4.3 
4.1 -5.6 
4.17 
5.1 
4.60 
5.00 
4.34 
4.42 
5.1 
5.07 
4.7 
4.52 
4.26 
5.13 
5.1 
4.11 
4.06 
Method 
Colorimetric 
Colorimetric 
Kramer and Tisdall 
Gravimetric, Titrimetric 
Titrimetric 
Dry Ash 
Flame Photometer 
Ashed serum, Titrimetric 
Unashed serum, Titrimetric 
Ashed serum, Gravimetric 
Direct gravimetric 
Colorimetric, Titrimetric 
Flame Photometer 
Ashed serum, Titrimetric 
Flame Photometer 
Iodometric 
Kramer and Tisdall 
Spectrographic 
Flame Photometer 
Gravimetric, Titrimetric 
Kramer and Tisdall 
~ 
2 • Flame Photometry 
Flame photometry was developed to meet the demand for a rapid 
and accurate method of determining sodium and potassium in aqueous 
solutions. Other chemical methods used in the !ina1ysis of serum 
necessitate considerable preliminary preparatiop and are rather time 
consuming. With the flame photometer a physical me:~hodc hf approach 
\VoaS found which required a minimum of sample handling and preparation 
whilst still maintaining reasonable accuracy. 
The flame photometer is an instrument for detecting the concentration 
of an element (e.g. sodium, potassium, or lithium) by measuring the 
intensity of light emitted by these elements when they are activated in 
a flame under controlled conditions. Flame analysis was not employed 
for quantitative methods until 19 29 with the development of the 
Lundegardh spectrographic method (23). A solution of t he substance under 
investi gation is s prayed into an air-acetylene flame .. 'l'he emitted light 
is dlilspersed throu gh a quartz prism onto a photographic plate. After 
calibration, the density of a characteristic spectral line, measured 
with a suitable densimeter, is correlated with the concentration of the 
element in the solution u nder observation. Cholak and Hubbard (10) 
modified this method, and suggested the use of an internal standard method 
to obtain a more nearly linear response, and to reduce the .effect of 
variation of the light source and other disturbing influences • . Other 
workers used a monochromator to is~late the desired region of the 
spectrum, and a photocell and electrometer to measure the intensity of 
5 
the lines. The flame photometer wa s developed in 1945 by Barnes, 
Richardson, Berry, and Hood (5). A low temperature was employed, and 
photoelectric cells wer e used to measure the intensity of light , thereby 
eliminating the necessity of a photographic procedure. 
The instrument used in this work was the Barclay Flame Photometer, 
a modification of the original, which is designed to determine sodium 
and potassium. It used a gas mixture of p:octpane ( "PYROFAX") and air 
whi ch has a low theoretical flame temper ature. Natural gas from the city 
lines is too variable to permit i ts use here. Under these conditions 
only the above mentioned elements will produce light of sufficient 
intensity to be measured. Sime fewer components in the sample are 
excited, the task of isolating the whi ch which is characteristic of any 
one component is simplified. 
A solution of sample to be analyzed is introduced into the system, 
and atomized by a constant air flow in the atomization chamber. Large 
droplets condense on the wall of the chamber, and pass downward into a 
collecting trap. A fine mist is drawn into the base of the gas burner, 
mixed with "PYROFAX" and the resulting mixture is ignited. The eminating 
light is transmitted into three chambers. In each chamber a select ive 
filter transmits wave lengths characteristic of one of the three elements 
to be determined, sodium, potassium, or lithium. The radiation of a 
specific wave leng~h strikes a photoelectric cell, giving rise to an 
electrical iu:pulse, the intensity of which is a function of the concen-
tration of the respective metal in the sample. This impulse then 
activates a galvanometer from which a reading is taken. 
6 
Const ant atomization and burning r ates are the most important factors 
for the ideal operation of such an instrument. Each flame photometer 
has individual characteristics during operation. The instrument may 
fluctuate and react with unpredicted variability to interfering substances. 
A sudden change in the performance due to such variations in operation 
may result in errors l ar ge enough to make determinations useless for 
metabolic studies. 
It was noted by Domingo and Klyne ( 16), Berry, Chappyll, and 
Barnes (6), and Bills and co-workers ( 8 ) t hat there was a large error due 
to the presence of interfering molecules or ions in the sample. Methanol 
end ethanol augment the lie;ht emitted by sodium and potassium, while 
sucrose and urea depress it. Strong acids, ammonium chloride, and 
phosphates reduce the results, while magnesium sulfate and cupric chloride 
tend to increase them. It has a lso been found by these workers that 
sodium in a sample which is being determined for potassium will enhance 
the light emission of the potassium. This i s true also for potassium 
in a sample being analyzed for sodium. To correct for this interferenne 
error, Mosher, Boyle,and co-workers (38) have tried to compound series 
of standards for each type of unknown which approximates the physical 
and chemical properties of the samples to be tested. 
A further source of error was due to variation in gas and air 
pressures; low pressures gave i.alues which were lower than expected. 
Viscosity of the sample has also been found to have an effect in that 
higher viscosity will decrease the rate of atomization of a sample, thus 
7 
a smaller proportion of element is int~duced into the flame at a 
given time, and less light is emitted by the flame. Surface tension 
has a similar effect. 
Berry, Chappell, ana Barnes (6) suggested the use of an internal 
standard method, by which light intensity ratios are measured, rather 
than absolute light intensities. Previous mentioned sources of error 
will influence the intensity of light emitted by the element to be 
determined and similarly affect that of the internal standard element, 
so that the ratios of intensities is constant regardless of experimental 
conditions. Thus, disturbing effects caused by the gas and air 
pressure fluctuations, by the presence of foreign ions and molecules, 
and by differences in viscosity are g reatly reduced. A fixed concen-
tration of some element (the internal standard), not normally occurring 
in the sample, was added to both known and unknown to be determined in 
the flame photometer. Lithium was chosen as the internal standard, 
since it is one of the few elements which is excited at the flame 
temperature used in the instrument and rarely occurs in biological 
fluids. Further, the spectral lines of lithium (6788 i) are about 
equidistant between the spectral lines of sodium (5844 !) and 
potassium ( 7716 R). 
Light is emitted by both the internal standard and the element to 
be determined (sodium or potassium), and the ratio of light intensities 
is subsequently measured. The sodium or potassium circuit and the 
lithium circuit will both give rise to electrical impulses, each one 
8 
in a potentiometer circuit which opposes the other. The potentiometer 
is used to balance electromotive forces, and the galvanometer 
deflection is brought to a uull point. A reading is obtained fr om the 
potentiometer vernier. 
9 
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T!':te Distribution of Sodium a nd Potassium between Serum 
and Body Fluids, Transudate s, and Ultrafiltrates 
One of the early studies in this field was performed by Loeb, 
Atchley, and Palmer (34) i n 1922. In their work with blood serum a n d 
edema fluid, they observed that certain definite qualitative chemical 
relations exist whether the fluid is a transudate or exudate. The edema 
f luids contained more chloride and less potassium than the seruo; while 
sodium v1a s found to exist in approximately the same concentration in 
both fluids. The freezing point depressions wer e the same, while the 
s pecific conductivity was higher in the ed ema fluid. The ratio of the 
concentration of potassium in edema fluid to that in s"'E!rum was determined 
t o have a mean of 0.612. These investigators stated that the relation-
ship between these fluids seemed to result from a simple membrane 
equilibrium. Since t h e ratio approach ed unity as the protein content 
of the edema fluid incteased, i t was concluded that the equilibrium was 
influenced in part by t he protein present. Other workers ( 18, 20, 27, 
28, 50) subsequently agreed with these conclusions (as shall be seen). 
Davson, Duke-Elder a nd co-work ers ( 1~, 15) suggested that aqueous 
humour was formed by dia lysis from the blood. This dialysis took place 
thDough a membrane which was almost impermeable to colloidal micelles 
and in e quilibrium with it. 
Hastings and co-workers (27) compared the distribution ratios 
between serum and edema fluids which were found by analysis \vith those 
calculated from the<r y. They devised the following formula for the 
calculation of e. theoretical Donnan ratio (R sf) : 
Rsf = 
(BP)f + j(BP)i-'" 4 (A]8 ((A]9 """(BP-1.2_ 
2 ( [A) 8 + (BP] 8 ) 
(A) 
-
molal 
-
concentration of anions 
(B] 
-
molal 
-
cone ent ration of cations 
[p] 
= 
protein concentration in grams per liter 
(BP] = concentration of base bound by protein 
s and f as subscripts refer to serum and fluid respectively 
[BP] ~s a . function of the protein concentration and pH. This was 
calculated using the formula. of VanSlyke, Wu, and McLean (50): 
0.097 [P'Js (pH [BP)s 5.26) -
-
It was concluded that the ratios of sodium, chloride, and bicarbonate 
deviated from unity as predicted by the Donnan membrane equilibrium. 
The ratio for potassium, however, departed widely from theoretical 
prediction, the mean distribution ratio in man being 0.707, and that 
obtained comparing horse serum with ultrafiltrates, 0.821. The ratio 
for sodium distribution in man was found to be 0.935 and in the horse, 
0.906. These investigators provided further evidence that serum and 
tra.nsuda.tes constitute a. heterogeneous system in approximate thermo-
dynamic equilibrium, and that the membrane separa.t ing them:' .. is freely 
diffusible to inorganic ions as is collodion. The membrane is assumed to 
be fr~ely permeable to all except pr~ein ions. These results confirm 
those of Loeb, Atchley, and Palmer in indicating that the distribution 
between serum and transudates is gove~d by the same physico-chemical 
laws which determine the distribution between serum and dialysates 
separated by a collodion membrane. The difference in ratios were said 
ll 
to be partially attributable to factors inherent in solutions, such as 
different activity coefficients of respective ions. 
In 1928 Van . Slyke, Wu, and McLean (50) used a collodion membrane 
to obtain a dialysate which they compared with serum. They found the 
sodium distribution ratios agreed with calculated ratios, but potassium 
ratios were lower than calculated and very irregular. 
In a study of the chemical equilibrium between in vivo dialysates 
and blood serum of dogs, Greene and Povver ( 22) found a mean Rsf of 
potassium of 0.780 and of sodium, 0.908. The theoretical calculated 
ratio was 0.9333. In a later study of distribution ratios between 
serum and transudates of man, Greene, Bollman, Keith, and Wakefie l d (23) 
found mean ratios of 0.752 for potassium and 0.961 for sodium. Us i ng 
dcgs e.s subjects, ratios were found to be 0 .. 944 for potassium and 0.943 
far sodium. It ~~s concluded that the distribution of electrolytes between 
blood serum and transudates were governed by physico-chemical laws which 
determine the distribution of these ions between serum and its in vivo 
dialysate. The relative amounts of protein in the two solutions primarily 
determines the relative distribution of the various ions between serum 
and transudate. The base-binding power of protein was said to be inde-
pendent of the type of membrane, collodion or living. 
To judge as to whether the ultrafiltrate or dialysate is comparable 
to transudates, exudates,and other body fluids, it must be remembered 
that ultrafiltrates and dialysates come into membrane equilibrium with 
the serum from which they are formed. The membrane equilibrium ratio 
can be considerably altered by changes in hydrogen ion concentration 
12 
or carbon dioxide tension. Therefore, any in vitro study of ultra-
filtration must involve duplicating insofar as possible conditions as 
they exist in the organism. 
Ingraham, Lombard, and Visscher ( 28) studied the distribution in 
dogs of sodium and potassium between plasma and its ultrafiltrate 
produced a.cross a collodion membrane. They gave clear evidence that 
the distribution of ions between plasma and its ultrafiltrate is 
influenced by membrane e qu ilibrium. Exacting methods of technique were 
used. Carbon dioxide tension was maintained at that level to which the 
plasma had been equilibrated. The vapor tension was that of t he · plasma 
so that errors due to evaporation were eliminated. Fluids for analysis 
were measured by veight since surface tension and viscosity of plasma 
and ultrafHtrate differ so widely. Results were calculated on the 
basis of t he water content of fluid. Fany previous studies neglected 
these important points of analytical procedure. Visscher and co-v:ork ers 
found a sir:;nificarrt difference between the concentration of sodium in 
the ;·v-ater of the plasro.a and in the water of the ultrafiltrate. The mean 
value was 0.926 for sodium, and 0.901 for potassium. Studies were made 
on the i nfluence on distribution ratios of changing the amount of base 
bound by pr otein. A rise in the pH increased the differen ce between 
the c ondentration of elements in ult rafiltrate and plasma.. Che.nging the 
pH from 7.0 to 7.7 re sulted in a change in distribution ratios from 0.90 
to 0.82 for potas s ium, and for sodium, ratios changed from 0.93 to 0.9·1. 
The concentration ·ratios of the ion s dif fered. This was a ccounted fDr 
by making the assumption tha t t he activity coefficients of individua.l 
13 
ions are different. It was also found that at different hydrogen ion 
concentrations, calculations of the change in base bound by proteins 
agreed with observed values. 
Gilligan, Volk, and Blumgart ( 18) found average distribution ratios 
of 0.837 for potassium and 0.964 for sodium. The low ratio for potassium 
agreed with that found by other workers, and indicated that part of the 
potassium exists in serum in a non-diffusible form. The Gibbs-Donnan 
membrane effect can only partly explain this low ratio. 
In 1948, Folk, Zierler, and Lilienthal (17) concluded from their 
work in comparing serum with pleural, peritoneal, and subcutaneous 
extracellular fluids, .that potassium exists in a freely diffusible state 
in serum. The mean R5 f for potassium was found to be 0.92, and it was 
concluded that the distribution of potassium is in accord with values 
predicted by the Gibbs-Donnan equilibrium. The distribution ratio 
obtained for sodium was 0~96. A possible explanation of the difference 
Between these ratios was offered in the escape of potassium from red 
blood cells to serum, since under the circums~ ances of sarrpling blood 
there is ample opportunity for this transfer to occur. 
Table II is a summary of the distribution ratios of sodium and 
potassium obtained by the workers mentioned in this review. It may be 
seen that with the passage of years the mean values of the potassium 
ratios have steadily risen toward that ve lue found by most investigators 
to define the distribution of sodium, chloride, and bicarbonate. The 
explanation for this may be in part the fact that the techniques for 
determining potassium in biological fluids have undergone periodic 
14 
i mprovements, and the in vitro studies did not always prevent pH 
che.nges or satisfy the other requirements set forth by Visscher and 
co-workers. 
15 
16 
TABLE II 
Distribution Ratios of Sodium and Potassium 
YEAR INVESTIGATORS Rsf K Rsf Na 
mean Range mean Range 
1922 Loeb, Atchley, et al. 0.618 0.434-0.852 
1927 Hastings, et al. 
man 0.707 0.67 -0.77 0.935 0.922-0.954 
horse 0.821 0.794-0.86 0.906 0.871-0.934 
1931 Greene, Bollman 
man 0.752 0. 582-0.9 51 0.961 0.894-1.04 
dog 0.944 0.798-1.067 0.943 0.914-0.97 4 
1931 Greene, Power 
dog 0.780 0.625-0.900 0.908 0.858-0.968 
1933 Ingraham, et al. 0.901 0.926 
1934 Gilligan, et a1. 0.837 0.710-0.919 0.964 0.940-1.009 
1948 Folk, et a l . 0.92 0.82 -1.03 0.9! 0.91 -1.0 
I 
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The experiments were performed using a group of normal, fasting, 
male subjects, aged t wenty to t h irty, chosen at random from the first 
year class of t h e Boston University Sch ool of Medicine. 
Drawing Blood Sample and Separation of Serum from Blood 
Approximately 50 ml samples of uenous ~lood were dravvn from each 
subject into dry ,oiled (using mineral oil) syringes, and then transferred 
toJ centrifuge tubes under oil. Time was allowed for clotting to take 
place, and vaccine bottle stoppers were placed on the t ubes, which were 
then centrifuged at 2000 rpm for approxiw~tely fifteen minutes. Serum 
was removed, and refrigerated until the determinat ions were made. Analy-
sis of the samples was performed within one week after the serum was 
drawn. 
Determination of Serum Water ( 13) 
Serum water was determined by pipetting a 1 ml aliquot into a 
weighing bottle which had previously dried i n a desiccator. The bottle 
and contents were then ;veighed on an analytical ba. lance, and placed in an 
oven at 100° c. for a period of forty-ei ght hours or more. After 
removal it was replaced i n the desiacator to cool far at least a half 
hour. The bottle was then reweighed, and the di f ference between the 
initial and t h e final weight was taken to be the amount of water present 
in one gram of serum. 
I 
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Anaerobic Ultrafiltration 
After centrifup.;ing , a portion of the serum was sub,jected to 
Lavietes' method of anaerobic ultrafiltration (32). (Diagram on 
page 20.) Ultrafiltration is a process by wh ich a colloidal solution 
is forced through a suitable membrane by means of pressure. Cry stalloid 
and colloidal components of small amounts of serum can be separated 
without being exposed to air. Thus there is control of carbon dioxide 
tension and hydrogen ion concentration. Ear".Uy in vi~r.£. studies were 
considered questionable since such control was not carefully provided. 
The serum was introduced over mercury and pressure applied by 
means of a column of mercury. Ultrafiltration took place across a 
cellophane membrane, the ultrafiJtrat e displacing the mercury from 
the receiving chamber. 
T'\-le main body of the a pparatus consists of two flattened semi-
spherical pyrex e;lass chambers, ( D and D' in diagram) each with t wo 
capillary exit tubes. The flat side of the chamber is pierced wi t h a 
hole 2.5 em in diameter. Short pieces of rubber tubing of inside 
diameter of one-eighth inch and walls one-sixth inch in thickness were 
attached to the capillary tubes from the pyrex chambers. A small 
squa re of cellophane ( H. c. Catty Co. No. 600) was soaked in s everal 
changes of distilled water and shaken to remove the excess water. It 
was then laid across the flat surface of one of the chambers, and the 
second chamber was placed in apposition. A rubber band was used to 
fasten th~ two chambers together, and th ey were then placed in a 
Bunsen cl amp . The cellophane membrane wa s dried by applying suction 
I 
I 
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for a short time. Cellophane (E) is used in preference to collodion or 
any other mat erial since it is obtainable commercially in packets of 
uniform properties. It is stronger than collodion and as nonreactive as 
filter paper . 
Two short ri ght angle glass tubes (F and F') were attached to the 
rubber sections below the chambers. Two sections of rubber tubing, 
one section twenty-four inches long , the other thirteen inches long, 
were attached at F and F' • Leveling bu 1 bs (A and A' ) were then connected . 1 
to t he rubber tubinp; . Pinchcocks (G) were placed on t he short sections 
of tubing above the chambers, and a V-bend capillary tube (B) was 
fastened as seen in diagram. The chambers were filled with mercury from 
the leveling bulbs. The V-bend capillary tube was placed in the serum 
and"A" lm..,ered to a position f:ive inches below the chambers, while "A"' 
was placed slightly above the chambers. Using anaerobic precautions, 
serum was tre n drawn into the chamber. The glass V-bend ;7as removed, 
and leveling bulb A raised to about sixteen inches above the chambers , 
while A' wa s l a ced just above t h e cha mbers . This difference in the 
heights of the t wo leveling bulbs is the source of t h e hydrostatic 
I 
I 
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pressure. A mercury seal wa s procured by rotating the chambers counter-
clockwise until the mercury came in contact with the capillary opening. 
II 
II 
Tre rubber section ab ove the capillary tube of chamber "D" was then 
compressed below the pinch cock, and the cham bArs were rotated to a 
position fifteen degrees from the horizontal. The apparatus wa s left 
in t h is position for about forty-eight hours at room temperature. The 
ultrafiltrate r~a s drawn off as follows; c.hambers were rotated vertically, 
20 
Figure 1 
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leveling bulbs were brou~tht to the middle of the stand, the mercury 
seal was displaced by compressing the rubber tube below the pinchcock, 
and the ultrafiltrate was removed. This was refri £.erated until the 
determinations were made. For determinations of the water content of 
t~e ultrafiltrates, the sarne procedure as r:,entioned previously in 
connection with serum water was used. 
The Barclay Flame Photometer 
In analyzing samples for sodium and potassium a Barclay Flame 
Photometer was used. The major parts of this instrument are; pressure 
regulators for ga s and air, atomizer, burner, optical system; photo-
electric cells , and a galvananeter. (Diagram on page 23~ 
The gas regulator knob and gauge and the a.ir regulatorr:knob and 
gauge are pr esent on the instrument p~nel, and are used to control the 
atomization. 
The atomizer introduces fine droplets of th(') a-q4eous sample into 
the air supply for the burner. The chamber is constructed of glas s and 
the atomizer itself os composed of two stainless steel hypodermic 
needle s. 
The burner i D a modified Iieker type . Vmen supplied with ga s and 
air at e. const a rrt pressure it p roduces a fairly steady flame. The 
chirrney surrounding the flame serves the purposes of protecting it from 
drafts and providinr a simple means of aperturing the flame . 
The opti cal systems of which there are three (for sodium, lithium, 
and potassium) each occupy a s~parat e channel, and are each composed 
of two lenses and a filte r. (Diagram on page 2?:1:.) 'l'he system 
I 
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collects light from the steB:_diest part ·of the flame, renders it mono-
chromatic, and focuses it onto the photoelectric cell. 
The photoelectric cells are the barrier layer type. They are 
placed at a co~ler section of the instrument because of their high 
temperature coefficient. 
The galvanometer used is a General Electric Model 32C-246-G9, 
having a sensitivity or 0.00073 microampere/scale division and a period 
of four seconds. It is used to indicate the output of the phot oelectrie 
cell. 
In noting the instrument panel, rheostats A, B, D, and E are seen. 
The E rheostat is used to vary the output of the sodium or potassium 
cell to the null circuit. The rheostat D is used for small compensating 
adjustments which may be required due to changes in the characteristics 
of the lithium cell. Rheostats A and B are fine and coarse adjustments 
for the galvanometer deflections. Used in conjunction with the absolute 
method, they control cell output for any given concentration range of 
element involved. 
The C dial or the potentiometer is used to balance the two oppeeing 
circuits by brtnging the galvanometer to a null point. Also present on 
the panel are the toggle switches for sodium, potassium, lithium, and 
for the galvanometer. 
Preparation of Standard Solution for the Flame Photometer 
Standard solutions for the potassium and sodium determinations were 
prepared in varying concentrations as the chloride salt. 
22 
A .Rheosta t 
R Rh eostat 
C Potent iometer 
D. Rh eostat 
E. Rheostat 
F Neut ral Density Fi Iter 
G. Chimney 
H . Fu nne I 
I. Atomizer 
J . A.t o.mizer Flask 
K .Gas Regulator 
L .Ai r Regulator 
.J.I M . Pot a s s i u m L eve r 
N . Sodium Lever 
0 . Lithium Lever 
P. Galvanometer Lever 
K 
.....__. 
BARCLAY FLAME PH OTO M E TE~ 
l\) 
w 
• I 
Figure 3 
M1rror 
-----
\ 
Solution Unde r 
Test 
L ens N a 
Plate 
Lens 
Fi Iter 
-- - -----
~----
\ 
- \ 
has fro m 
Propane 
Cylinde·r 
to K Photocell 
24 
-fl 
Phot\)c ed 
-fl 
M1rro r Lens Lens L i Ph otoc.ell 
OPTI CAL SYSTE M 
-for 
FLAME PHOTOME TER 
• 
Pl ot 
Fi l)rer 
The stock standard solution of sodium had a concentration of 
250 mEq/1, and was then diluted -so that the four working standards had 
0.25, o.so; 0.75, and 1.0 mEq/1 of sodium. It was determined that the 
concentration of lithium required as an internal standard was 120 ppm 
for the sodium determinations. By trial and error, the optimum gas 
pressure was found to be five inches of water, air pressure, eight 
pounds per square inch, the "E" dial corresponding to the E rheostat 
was set at five, and the "D" dial at zero. The gas and air pressures 
and the E and D dials were then kept constant at these settings for all 
sodium determinations. 
Stock standard solutions of potassium had a concentration of 12.5 
mEq/1, and was diluted to concentrations of 0.025, 0.050, 0.10, and . 
0.25 mEq/1· for the four working standards. The fortification of 
lithium in the potassium determinations was 60 ppm. The gas pressure 
was set at five, air pressure at nine, "E" dial at zero, and "D" dial 
at zero. These settings were kept constant for all potassium determin-
ations. 
The lithium stock solution was pr~pared by dissolving 92.2 gms of 
lithium sulfate in two liters of distilled water. The sulfate was 
employed since it was said to be relatively easily prepared in a form 
free of sodium and potassium (6). The stock solution containing 
5000 ppm of lithium was diluted to a final concentration of 2000 ppm 
and kept in a reservoir connected with a three-way burette. 
Another solution was prepared to approximate the properties of 
human serum, and termed "artificial serum". When diluted 1:10 this 
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solution contained 135.0 mEq of sodium per liter, 4.0 mEq of potassium 
per liter, 5.0 mEq of calcium per liter, and 2.0 mEq of magnesium per 
liter. 
The set of standard solutions was stored in glass bottles with 
tightly fitting stoppers. Stock solutions were refrigerated. 
Preparation of Serum Sample 
For. the sodium determination, two 0.5 ml portions of the sample 
were added one to a 100 ml ~olumetric flask and the other to a 200 ml 
flask. To the former 6.0 ml of 2000 ppm lithium was added, while 
12.0 ml of this lithium solution was added to the latter. The flasks 
were then diluted to the mark with distilled water. 
For the potassium determinations a 1.0 ml portion of the sample 
was added to a 50 ml volumetric flask, and for the second dilution a 
0.5 ml aliquot of sample was added to a 50 ml volumetric. To these 
flasks 1.5 ml of the lithium solution was introduced, and the flasks 
were d1luted to the mark with distilled water. 
Use of the Flame Photometer in the Determinations 
The photometer was lit at least an hour before use so that it 
~ould reach a steady state. Frequently a control solution of 
artificial serum was analyzed to check the functioning of the machine 
before analysis of the unknown took place. 
With the flame burning the galvanometer was zer"'ct · with distilled 
water. It was found that the calibration curve did not usually remain 
I 
steady, 1and therefore a curve was not made at the beginning and end of 
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the determinati on as might ordinarily be done . Instead t he unknown 
solution was bracketed b3r readings of two known solutions. In this 
manner any error which would arise due to a shift in the curve was 
minimized. ' The two different dilutions were determined without 
returning the potentiometer to reset the zero on the galvanometer. 
Afte~ completing the sodium determination the instrument was 
adjusted so that the potassium analysis could be made. The [ as and air 
pressure and t h e "E" dial were set, and the galvanometer zeroed 
with disti lled ·wate r. The determi nations were made in a manner identi-
cal with the sodium a na lysis. 
If both the serum and its ultraf iltrate were analyzed, the l owest 
concentration of known was read, followed by t he ultrafiltrate, the 
serum, and finally the reading of the n ext highe st concentration of 
known. The serum and ultrafiltrate wer e read together to get a close 
comparison of the t wo readings . Since it was the problem of this work 
to determine the distribut ion of so dium and potass ium between these 
t wo substances, readong one after the other on the flame photometer 
·would ena ble one to obtain the most accurate readi ngs possible • 
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RESULTS 
The results obtained for the normal values of sodium and potassium 
are shown in Table III. The mean value of sodium in normal human serum 
was found to be 142.2%0.31 mEq/1 of serum and 152.3 +0.35 mEq/kg of 
I 
water, while that of potassium was 4.16 + 0.04 mEq/1 of serum and 
4.47 ""' 0 ~05 mEq/kg of water. 
The , value of sodium in sample seven was not used in the ealculat ion 
of the range, mean, or standard deviation. This value differs widely 
from the , others in the same series, and it is possible that the 
discrepancy may be due to a technical error, although the value was 
checked several times. To determine this, the following rule was used; 
compute the mean and standard deviation omitting the doubtful measurement, 
and compare the doubtful value. The deviation of this doubtful 
measurement from the mean was calculated and found to be 5.3. Granting 
the normal distribution law, the frequency of the occurrence or an 
observation having this deviation is less t han one in one thousand. 
Arithmetic means were calculated by taking the sum of a set of 
variates divided by their numbera 
Mean : 
L =I 
Standard deviations were calculated by the following formulaa 
Standard deviation : m 
where d is the deviation of each individual sample from the arithmetic 
mean. 
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The standard error of the mean was found by the formula: 
Standard error -
As a sample calculation of mean, st and a r d deviation, and 
standard. error of the mean, the values f!or the concentration of serum 
nota·ssium (in mEq/1 of serum) are used: 
1) Mean 
Pumber of individuals in sample ( N) 
Sum of values of individual samples 
IJ'ean = 1 X 99 .9 
24 
2) Standard deviati on 
Sum of deviations of each sample from mean ( L. d) 
Square of sum of deviation s < L ct2 ) 
Degrees of freedom CN - 1) 
Sum of square of deviations divided by 
degrees of freedom 
Square root of ~~ 
N - 1 
3) Standard error of mean 
'Z: d2) 
N - 1 
J ~ d2 
N ( N-1) = 
Standard deviation JN :·· · --
= 24 
- · 99 .9 
4.16 
= 
1 . 038 
= 1.0'7 6 
= 23 
0 . 0466 
= 0.246 
= 
0.04 
In the calculation of the concentration of sodium or pota ssium 
from the potenti ometric readings o-bt ained f rom the flame photometer , a 
linear proportionFllity was assumed . The following is a s ample 
11 
[ 148 292 J ]9 5 
= 
47 
144 
X 0.25 - 0.0816 
+ 0.25 
0.3316 mEq/1 
To correct for dilution, 0.3316 is multip]ied by 400, and the value for 
sodium is found to be 142.6 mEq/1 of serum. The pttentiometric reading 
.. 
of 148 was ~iven by the 0.25 mEq(l standard sodium solution. The 195 
reading was next noted and represents the reading of the unknown sample 
solution, and the 292 expressed the readings of the 0.50 mEq/1 sodium 
standard. 
The results obta:ined for the concentrations of sodium in tn.Eqjl from 
the t wo dilutions of a sample checked with in 3 mEq/1, and t he results 
determined from the two dilutions of a potassium sample checked well 
within 0.2 mEq/1. When these check s were not obtained, repeated readings 
were taken on the instrument. 
In Table IV the distribution ratios of sodium and potassium between 
serum and its ultrafiltrate are s bovm .• 'J'he results ·were calculated on 
the basis of the wat er content of fluid . The values for the concen-
tration of potassium or sodium in serum wate r or ultrafiltrate Yater were 
obtained by : 
[ Na] s or( K] 5 
serum wat er 
or 
[ Na] u or [ K] u 
11ltrafilt rate water 
The mean distribution for potassium was found to be 0.942 -:!: 0.0014 while !1 
for so dium it was 0.942 ± 0.0019. This distribution ratio was calculate4 
by: 
I 
ul t raf i1 t rat e [ Na] H.., 0 <, and ultrafiltrate [ K] u 0 " 2 
serum [ KJ H20 
Ultrafiltrate waters wer e not actually measured in all instances 
due to an insuffici ent quantity of material. An estimation of thi s 
correct ion was made by calculating the means of ult rafiltrat e waters 
performed experimentally, an.d then the sodium and potass ium of ultra-
filtrate water was calculated. The correction was slightly less than 
one per cent • 
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TABLE III 
/ 
Normal Values of Sodi~ andJotassium in H~~n Serum 
SUBJECT AGE j<J~ (N~ I mEq 18 "' serum H20 serum ( KlH2o serum[Na] H2o gms/liter mEq/kg mEq/kg 
/ 
933.3' \ -4.21 ; 1. H. c. 25 3.93 142.2 152.8 
2. c. F. 24 4.35 140.9 937 .o 
' 
4.64 150.1 
' 3. M. A. 29 4.06 140.3 929 .& 4.38 151.1 
I 4. H. s. 21 4.49 142.3 928.8 4.84 153~4 
: 5. A. B. 20 \ 4.18 142.7 933.3 4.48 152.9 
6. M. ' D~ 24 4.49 144.0 927.3 4.84 155.1 
7. M. H . 24 4.43 l.W.9 925.5 4.78 160.9 
a. J. L. 26 4.27 142.8 933.1 4.57 153.0 
9. z. L. 24 4.37 142.3 928.5 4 .71 153.0 
lo. J. M. 24 4.11 139 .8 928.0 4.43 150.6 
n. H. W. 21 4.04 142.0 932.4 4.33 152.2 
12. M. B. 22 4.25 144.8 933.3 4.55 155.1 
13. R. O. 30 3.90 144.7 935.8 4.17 154.6 
14. G. H. 22 3.82 140.2 935.0 4.09 149.9 
15. A. R. 24 3.82 142.8 928.3 4.10 153.9 
16. M. B. 22 4.35 142.4 930.6 4.67 153.0 
17. D. W. 27 4.06 142.9 930.6 4.36 1!i3.5 
~8. N. w. 21 3.92 143.4 932.1 4.20 153.8 
~9. c. p. 29 4.39 141.8 930.2 4.72 152.4 
r-
s. F. 2 6 4.11 139.8 931.9 4.41 150.1 
1. H. L. 24 3.91 143.1 927.1 4.22 154.2 
2. m. L. 25 4.45 141.7 931.2 4.78 152.2 b. T. L. 27 4.14 142.9 931.7 4.44 153.4 ?4. A. K· 25 4.11 140.1 936.0 4.39 150.2 
(K1 (Na] s serum f K]ltf2o serum [ Na] H 0 
mEqj1 mEq/1 mEq/kg mEq/kg -2 
range 3.82-4.49 139 .s- 144.8 4.09-4.84 149.9-155.1 
mean 4.16 j: .04 142.2 :t .31 4.47 ~ .os 152 .Q :t' .34 
;' 
standard 0.216 1.453 0.238 1.652 
deviation 
Distribution Ratios of Sodium and Potassium 
TABLE IV 
Subject [K]s (KJu rN<Js Na u serum H20 serum[K] ~2o serum[Na]H20 ultra. HzO ultra.(KJHzO ultra. [Na]H20 I Rsf K RGf Na (mEq/'1) (rnEqjl) (mEq/1) (mEq/1) (gms/1) (mEq/kg (m!iq/kg) (grns/1) (mEq/kg . (mEq/kg) 
1. H. C. 3.93 4.01 142.2 142.2 933.3 4.21 152.8 4.01 143.3 I 0.939 6.952 a, · c. F. 4.35 4.39 140.9 142 .~ 937.m 4.611- 150.1 4.42 143.5 0.956 0.954 
3. H. S. 4.49 4.45 142.3 141.9 929.6 4.84 153.4 4.48 142.7 0.930 0.927 
4. A. B. 4 .18 4.13 142.7 143.7 933.3 4.48 152.9 4.16 144.5 0.946 0.929 
5. H. H. 4.43 4.48 148.9 148.5 925.5 4.78 160.9 4.52 149.5 0.931 0.946 
6. J. L. 4.27 4.28 14a.e 143.5 933.1 4.57 153.0 995.5 4.30 144.1 0.942 0.91+3 
7• J. M. 4.11 4.13 . 139.8 140.8 928.0 4.43 150.6 993.9 4.16 141.6 I 0.940 0.934 
8. H. W. 4.04 4. 03 142.0 143.2 932.4 4.33 152.2 991.0 4.07 144.5 0.'149 0.941 9. M. B. 4.25 4.32 144.8 145.6 933.3 4.55 155.1 996.1 4.34 146.2 .. 0.943 . 0.954 
.0. R. O. 3.90 3.87 144.7 11+5• 7 935.8 4.17 154.6 3.90 146.5 0.949 0.936 
.1. l.IJ:. B. 4.35 4.38 142.4 142.4 930.6 4.67 153.0 993.8 4 .42 143.5 0.937 0.929 
"2. D. W. 4.06 4.12 142.9 143.1 930.6 4.36 153.5 993.4 4.15 143.9 < 0.937 0.952 . . .. . 
.3. N. W. 3.92 3.93 143.4 144.6 . 994.8 4.20 153.8 994.8 3.95 145.4 , .. 0.945 0.940 
.4. c. p. 4.39 4.43 141.8 142.9 992.3 4.72 152.4 992.3 4.46 144.0 ,\ 0.945 0.949 
.5. T. L. 4.14 4.19 142.9 144.9 931.7 4.44 153.4 994.0 4.2lc 145.8 0.950 0.948 
~6 . A. K. 4.11 4.14 140 .1 140.5 936.0 4-39 150. 2 996.0 4.16 141.1 . 0.939 0.948 
' ' 
0.930-0.956 0.927-0.954 
Range 
0.942 :t .0014 0.943 .:!.0019 
Mean .. I 
o.oo685 0.00921 Standard 
Deviation 
h 
-=-~' 
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Concentration of Potassium in Serum 
The normal values of potassium in human serum were found to rang e 
from 3.8 2-4.49 rr~q/1 of serum, wi th a mean value of 4 . 16 ~ 0.04. Since 
other :r orkers ha'lte reported values in terms of Tl"Eq/1 of serum, it is 
t h e above values which must be used for comparison rather t h an the 
result s g i•Jen in Table III in terms of the water content of fluid 
(mEq/ke: of water). In contrasting the se results with those in Table I 
it ml'ly be noted that fo r t he most part t'1e values obtained in this 
research were lower and covered a na.rrov1er r ange. The mean obtain ed 
here is simila r to that of Atchley , Loeb, and Palmer (3), 1\:eyers and 
Short (37), and Smith and c o- work ers ( 45). The first tvio groups of 
investigators cited here u s ed v ery small sampe s of sera, and p erformed 
the ir determinatio11.s v olumetrically . Smith used a sample of s eventy-
thr ee ann seventy for s pectrogr aphi c and flame phot ometric determ inations 11 
respectively. The consistency in tl1e findings obt ained by t he latter 
investirator u s ing t wo di f ferent metbods '!lould l ead one to be li eve that 
t he norma l values of serum potassium are slight ly below t he commonly 
a ccept eCI :firures. S.esu lts of wo r kers other than Smith who used t he 
fJame phot ometer a s a tYans of ms.kiYlp: determination s YJere 'bifher . As 
I 
I 
/I 
l 
I stated previously those men used a Model 18, Perkin and Elmer instrument. 
I 
A more recent model which ha s been put out by this company is said to be 11 
more accurate. The gravimetric procedure utilized by some workers is I 
diffi cult and tedious, and opportunities for technical error a re great. I 
I 
I 
II 
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Some investigators incurred loss of potassium salt during ashing in open 
dishes . A complete account , however, of th0 discrepancies between the 
results obtained in this research and those observed by previous workers 
is beyond the scope of the present invest igation. 
Concentration of Sodiu~ in Serum 
Turning now to the levels of sodium in normal human serum, it may be 
seen in Table III that the range obtained in this work in 139.8 - 144.8 
I + mEq 1 of serum with an arith!!!etic mean of 142.2 .;,_ 0.31. Referring to 
Te.ble I, other workers observed values of means rang ing from 140.2 -
147.8 mEq/1 of serum. If these means were ave r aged , the arithmetic mean 
obtained would be 142.9 mEq/1, a value which is very close to t h e value 
observed here. Afain it may be noted that there is not as much variation 
in the values found in the present study as previous i nvestigators have 
obtained. Smith, et al. (45) found a mean value of 142.0 mEq/1 of serum 
with the fl a me photometer and 145.0 mEq/1 with the spectrograph. The 
precision of the latter instrument was lower, having an average deviation 
of 5.5 ll'.Eq/1. This may have been due to the fact that the reading 
re pre sented an average of onl;{ th ree separate exposures per sample. 
Distribution Ratios between Serum and Ultrafiltrates 
The distributioneratios of potassium and sodium were determined by 
analysis of serum and in vitro ultrafiltrates of serum, as shown in 
Table IV. The Rsf of sodium was found to be 0.943+ 0.0019 with a rang e 
of 0.927 - 0.954. Referring to Table II for a comparison of these values 
wit'-1 those obtained by other investigators, it may "be noted t hat the se 
values are in the rang e of those found previously . t .. :any workers 
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neglected to calculate their results on the basis of water content of 
fluid rather than the volume. Careful control of carbon dioxide tension 
and hydrogen ion concentration and other criteria set forth by Visscher 
and co-w·orkers ( 28) were not provided. 
The mean Donnan ratio for potassium was found to be identical with 
that of sodium, being 0.942~ 0.0014 with a range of 0.930 - 0.956. 
Other workers found ratios which differ radically from t hose obtained 
here. Their ratios indicate that a significant proportion cf this ion 
may be in a non-diffusible state. The ratioS! or concentration in fluid 
water to concentration in serum water varies from 0.40 - 1.07 (as seen 
i n Table II). An estimate of potassium of t he extracellular fluid from 
analysis of serum would be liable to enormous error if such unpredict-
able deviations from the anticipated theoretical equilibrium ratios 
do ~ctually exist. Some early workers suspected that methodological 
difficulties accounted for the low and erratic ratios wh ich they 
observed (27, 50). Greene and Power ( 22 .. ) in their work with dog s obtained 
a distribution ratio of 0.944, and it was suggested that a leak of 
potassium might account for the depression of the Rsf value. Since the 
concentration of potassium in the red blood cell of the dog is approxi-
mately one-twelfth that in man, there would have been an escape of less 
from the dog 's red cell. Folk, Zierler, and Lilienthal (17) concluded 
from their results that an escape of potassium from the red blood cells 
i 
II 
I 
I 
I 
I 
a ccounted for the difference in the equilibrium ratios of sodium and /I 
potassium. Host workers a gree that with diffusible ions, the distri-
but ion across a vascular membrane is in accord with the Gib bs-Donnan 
36 
equilibrium. The relationship between serum and various body fluids 
or ultrafiltrates result from simple membrane equilibrium influenced 
by the protein present. Equilibria of sodium, chloride, and bicar-
bonate are in good agreement with theoretical ratios. According to 
the ratios presented in this research, it would appear proper to 
assign potassium to the same category as the above mentioned elements, 
and consider it in a freely diffusible state in serum, and to distrib-
ute itself in consonance with Gibbs-Donnan equiliprium. A measure of 
serum potassium then provides a useful estimate of the interstitial 
fluid potassium in normal subjects. 
37 
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ABSTRACT 
Determinations of the normal values of sodium and potassium in 
human serum were made using a group of twenty-four healthy young men 
as subjects. 
Venous blood samples were withdrawn under oil and the serum 
separated. Serum water was determined by drying a kno""''l'l volume t o a 
constant weight at 100° c.. The Barclay Flame Phot aneter was used as 
the means of analyzing sodium and potassium. The principle of this 
instrument is based upon the quantitative m;asurement of the character-
istic light emitted when an aqueous solution of sodium or potassium is 
atomized as a mist into a gas flame. The nece ssity of involved 
preparatory procedures of the serum is eliminated, thus both time and 
material are saved with no sacrifice of accuracy . Use of an internal 
standard, lithium, was found to give the most accurate results. With 
this method a dual optical system is used, and light intensity ratios 
are measured rather than absolute light intensities. Disturbing effects 
caused by the presence of interfering ions, viscosity differences, and 
fluctuations in gas and air pressure are greatly reduced. The use of a 
ca libration curve was found to i nvolve an error in t hat t he curve often 
did not remain steady. Therefore the reading of the sample was bracketed 
by the readings of the two known standards of different concentrations 
and a me.thematical interpolation performed. Each unknown was read at 
t wo different dilutions; the individual va lues noted for sodium and 
potassium are averages of results obt a ined from the two 
dilutions of the sample. Values for the two dilutions checked within 
3 mEq/1 of serum for sodium and 0.2 mEq/1 of serum for potassium. The 
.mean value of sodium was found to be 142.2 mEq/1 of serum with a range 
of 139.8-144.8 and a standard deviation of 1.453. Calculation of the 
concentration of serum sodium on the basis of the water content were 
also made, the range being 149.9-155.1 with a mean of 152.2+ 0.34 a nd 
a standard deviation of 1.652. It is the former set of values which are 
used in comparing the results obtained in t his research with t hose 
obtained by previous investigators since levels were reported in terms 
of mEq/1 of serum. The range of the concentration of serum sodium was 
comparable to that reported by other workers. The arithmetic mean of 
mean values reported in Table I was calculated to be 142.9 mEq/1 of serum 
a value very close to the mean value of this work. 
The mean value of potassium was found to be 4.16.! 0.04 mEq/1 of 
serum with a range of 3.82-4.49 and a standard deviation of 0.216. The 
results in terms of mEq/ kg of water showed a mean of 4.47 + 0.05, a 
standard deviation of 0.238,and a range of 4.09-4.84. In comparing 
results with those of previous investigators, the farmer set of values 
are lower and cover a narrower range. Many of the previous studies 
involved older chemical methods which were not extremely reliable in 
potassium determinations. The results obtained by Smith and co-workers 
(45) do compare favorably. Smith used both flame photometric and 
spectrographic methods and a large number of samples. 
An investigation of the distribution of sodium and potassium 
between serum and the ultrafiltrate thereof was made. Ultrafiltrates 
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'.': ere obtained by means of the Lavietes method of anaerobic ultrafiltra-
tion ( 32) , in wh ich serum we.s introduced over mercury . A column of 
mt"Jrcury appl i ed the pr e ssure by means of ·which ultrafiltration to ok 
place across the cello:phane membrane, the ul trafilt rat e disple.cing 
the mercury in the receivin G chamber. Particular care we. s taken to 
meet the C'rit eria set fort11 by Visscher q·' c1 co-workers ( 28) . Results 
',·rere calculated on the bflsis of the v.rater content of fluid rathe r than 
the volume. Determinations of ultrafiltrate water and concent r ation 
of sodium and potass ium in ultrafiltrate s were mP.de in a manner 
identical to that is ed for serum. In order to obtain an accurate 
compa.ri son, the two solut ions were rea.d one after another in the flame 
Pb.otomet(':r . A d istrihution ratio for sod ium was found to range from 
0 . 927-0 . 954, with a mean of 0 .9 43 ::!: 0 . 0019 and a standard deviation 
of 0 . 00921. T}-le ratio of potassium WBs .al most identical v i th that of 
sodium, the mea11 being 0 . 942 -:t" 0 . 0014 ''lith a ranet e of 0 . 930-0 . 956 a n d 
a ste.nnard Cleviation of 0 . 00685 . 
The di stributioYJ. ratio of sodiun: agre es wi th that obtained by 
othf' r workers, while tl1e potassium distr:Lbution ratio is mucr. high er 
than previous ly observed. Earlier investi gator s stated that the lov; 
ratios they found indicated tl1at part of the pota s sium in serum 
existed in a non- diffus i ble st ate in combination with protein . The 
Gibb s-Donnan equilibrium could only partly explain this lovi ratio. 
Distribut ion ratio s of sodium, chloride , and bicarbonate , on the other 
hand, 'Vere found to be in accord :vith theoretical values predict ed by 
tris membrane eouilibrium. In a rev iew of nrevious studies, it ma.y be 
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noted that the mean values of potassium have steadily risen over a period 
of years. This may be correlated with the fact that experimental 
techniques have greatly improved. It may be concluded from this research 
that the distr i bution of potassium is in accordance with the Gibbs-
Donnan membrane equilibrium, and that potassium exists iB a freely 
diffusible state in serum. In normal subjects, therefore, a useful 
measuement of sodium and potassium in interstitial fluids may be obtained 
from a knowledge of the concentration of these elements in serum. 
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